Resonant spin-flavour conversion of neutrinos (RSFCN) in twisting magnetic fields might be at the origin of the apparent anticorrelation between the 37 Ar production-rate in the Homestake solar neutrino detector and the solar activity. Moreover, it can account for the results of all solar neutrino experiments reported so far including the recent results of GALLEX and SAGE.
1.Introduction One of the mysteries of the solar neutrino problem [1] remains the variations of the 37 Ar production rate in the Cl-Ar solar neutrino detector [2] . The analyses made so far show that it is difficult to rule out unambiguously the hypothesis that the 37 Ar production-rate anticorrelates with the solar activity cycle [3] . If they can be measured accurately, the variations of the signals in solar neutrino detectors could be a sensitive test of the different solutions of the solar neutrino problem. In particular, the solution in terms of neutrino flavour conversion (MSW effect) allows us to account for relatively weak variations of the detection rates which are rather unlikely to be anticorrelated with the solar activity cycle [4] . Feeble variations of the neutrino event-rates are expected if g-mode oscillations of the sun are lowering the temperature in the centre of the sun, T c , thereby affecting the highly temperature-dependent 8 B and 7 Be neutrinos [5] .* Larger variations can be accommodated in the spin-precession [7] or in the resonant spin-flavour conversion scenario [8] . However, with several detectors simultaneously taking data it becomes a challenge to reconcile their results. In particular, the 20-year data sample of the Cl-Ar experiment of R. Davis and his collaborators seems to indicate strong variations by a factor larger than two of the 37 Ar production-rate in anticorrelation with the solar activity. On the other hand, the Kamiokande-II collaboration reported results [9] which are consistent with no or only small variations of the event rate in their ν e e-scattering waterCherenkov detector. Attempts to reconcile these results have been made already. However, the problem, if taken seriously, is far from being solved. In particula r, the solution found in [10] does not reproduce the mean values of the signals in the Cl-Ar and Kamiokande experiments with one and the same magnetic field strength, the discrepancy being larger than the one-sigma error bars of these experiments. Moreover, a large magnetic field in the radiation zone is needed in order for the signal to be suppressed in years of quiet sun. The solution of ref. [11] generally satisfies the first requirement but the authors do not discuss at all the second one. An unrealistic magnetic field distribution is used and strong suppression of the 71 Ge production-rate is predicted which contradicts the latest results from the Ga-Ge solar neutrino experiments.
In the present note a new scenario is proposed reconciling the variation patterns of the signals in all solar neutrino detectors taking data at present. It is based on the spin-flavour conversion of neutrinos in twisting magnetic fields. As first shown in [12] the dynamics of this effect differs considerably from the case in which the direction of the transverse magnetic field is fixed in space [8] . The neutrino transitions have a resonant character even in the case of a Dirac-neutrino mass-spectrum. The resonant condition comprises dependence on the angular velocity of the rotating magnetic field and the adiabatic condition on its second derivative. The possible consequences of this effect for solar neutrinos have been discussed in [13] . In particular, it was shown that the suppression factors change most dramatically for large E/∆m 2 which corresponds to almost degenerate or Dirac-neutrino masses. This is actually just the opposite of what is needed for explaining the simul-* This solution of the solar neutrino problem cannot explain the relative suppressions of the experimentally measured signals as compared with the predicted ones in the standard solar model [1] , in particular the fact that the suppression measured in Kamiokande is weaker than the one measured in the Cl-Ar experiment. Exactly the opposite effect to the observed one is predicted in all non-standard solar models with lower T c (see ref. [6] ). taneous absence of variations in the Kamiokande detector and the presence of relatively strong variations in the Cl-Ar one. It is well known that in Kamiokande only high-energy 8 B-neutrinos can be detected, whereas in Cl-Ar detectors both 8 B-and 7 Be-neutrinos contribute to the signal. Therefore, one expects in general that for a fixed magnetic field distribution the rotation will give a result opposite to the desired one, namely the signal in Kamiokande will vary more strongly than in the Cl-Ar detector. However, it seems plausible that the twist of the magnetic field should be correlated with its strength. In the absence of a detailed model of the solar magnetic field one can hardly predict the relation between the strength of the magnetic field and its twist. More twisted fields might be either stronger or weaker depending on the specific structure of the magnetic field lines. As shown below, by adjusting the strength of the magnetic field and of its twist one can reconcile the different variation patterns in these two detectors. Moreover, relatively small variations for Ga-Ge detectors are naturally obtained.
Solar neutrino data. The mean
37 Ar production rate in the chlorine detector for more than 20 years of data taking is [14] :
Expressed as a ratio between experimentally measured and theoretically predicted values of the above quantity in the standard solar model, the result (1) reads: 
During the same period the solar activity has changed from minimum to almost the maximum of the 22nd solar activity cycle. No significant anticorrelation between the signal in Kamiokande-II and the solar activity cycle has been found. However, a small variation within the error bars cannot be excluded yet. Therefore in the analysis below the following values of the mean suppression in years of active and quiet Sun are assumed:
The results from the two Ga-Ge experiments SAGE [16] and GALLEX [17] are:
and
respectively. The errors in (7) represent the statistical and systematic errors added in quadrature. The data do not yet allow us to discuss seriously variations of the signal in this type of detectors. Measurements during at least one full solar cycle are necessary in order to do that. The three detectors have different thresholds and therefore they are sensitive to different parts of the solar neutrino spectrum. The latter can be roughly divided into three parts. The lowest energy pp-neutrinos with characteristic energy E pp ≈ 0.3 MeV are detected only in the Ga-Ge detectors where they supply slightly more than half of the signal. The intermediate energy 7 Be, 13 N, 15 O and pep-neutrinos are detected in Ga-Ge and Cl-Ar detectors. They contribute 1.7 SNU to the signal in Cl-Ar detectors but remain undetected by the Kamiokande detector because of the high threshold of the latter. The high energy 8 B-neutrinos are detected by all three types of detectors. In fig.1 the percentage of the signal is plotted as a function of the energy in all three detectors. Almost 30 % of the signal in the Cl-Ar detector comes from a region below the threshold of the Kamiokande-II detector which is 7.5 MeV during the second half of the four years of data taking period. During the first two years the threshold of this detector was 9.3 * The latest result of the Kamiokande-III experiment announced at the NEUTRINO '92 conference, namely R νe = 0.59
−0.09 ± 0.06 during approximately 220 days of data taking does not differ significantly from the previous ones with the same duration and changes only slightly the result eq.(5) (see ref. [15] ). Remarkably enough, however, this might indicate an increase of the signal coinciding with the descending phase of the solar activity cycle after its maximum in 1990, although a definite conclusion on this point would be certainly premature and groundless.
MeV. The Kamiokande collaboration has not observed any change of the event rate with respect to the predicted one in the standard solar model after the improvements that have allowed them to lower the threshold of their detector. For simplicity, in what follows a 7.5 MeV threshold in this detector is assumed. Irrespective of the threshold, about 14 % of the νe-scattering events comes from neutral current neutrino-electron scattering, which is independent of the neutrino flavour.
Following ref. [18] the relative event rate can be expressed as sums of products of the partial contributions by the solar neutrinos that come from different chains of the nuclear reactions in the Sun, multiplied by the corresponding suppression factors. For the mean event rates it follows:
R νe = 0.14 + 0.86P H .
From these relations one can easily derive the inequality:
This puts a lower limit on the signal in the Cl-Ar experiment for a given corresponding signal in a νe-scattering experiment, e.g. for R νe = 0.4 R Cl cannot be smaller than 0. For the minimal and maximal event rates measured during years of active and of quiet Sun respectively, one obtains similarly:
and P max H ≃ 0.53 (12a)
The problem of reconciliation of the different time-variation patterns of the signal in the Cl-Ar detector and in Kamiokande-II can now be formulated quantitatively. A suitable mechanism has to provide the suppression factors (11) and (12) in years of active and of quiet Sun and, at the same time, the relevant average suppression factors (10) during an entire solar cycle.
Time variations in the RSFCN scenario.
There are different types of neutrino conversion in magnetic fields. Spin-precession (ν L → ν R ) is suppressed in matter and energy independent. It is disfavoured from the experimental data as the suppressions observed in the chlorine experiment and in Kamiokande-II e.g., are significantly different. Resonant spin-flavour conversion takes place, (ν eL → ν µR (Dirac) or ν eL →ν µR (Majorana)), when the mass splitting between the different massive neutrino components can be compensated by the different contributions to the potential energies of each neutrino component due to their coherent forward scattering in matter. The Majorana-neutrino case is more favourable for our purpose as theν µR -neutrinos can contribute to the signal in νe-scattering detectors but will remain undetected in Cl-Ar experiments. Therefore, only for this reason will the signal in the Cl-Ar experiment vary more strongly than the one in νe-scattering experiments. The resonant spin-flavour conversion allows us to reconcile the mean values (2) and (5) and can in principle account for the different variation patterns in these experiments [19] . However, considerable fine-tuning of the magnetic field distribution is necessary in order to get a satisfactory agreement between the results (3) - (6a) and (4) -(6b), correspondingly (see ref. [19] ). Finally, the most promising mechanism capable of producing strong variations of the signal in the Cl-Ar experiment and much weaker ones in Kamiokande and in the Ga-Ge ones seems to be the neutrino spinflavour conversion in twisting magnetic fields. The latter has been discussed in detail in [13] and reviewed recently in [20, 21] .* The scaling property of the survival probabilities for RSFCN in uniformly twisting magnetic fields (see ref. [13] for details) which leads to a "stretching" of the suppression curve for E/∆m 2 > (E/∆m 2 ) res is the one that allows us to obtain an almost constant high-energy suppression factor, P H , a strongly varying intermediate-energy one, P I , and a close to unity low-energy one, P L ≈ 1.
In fig.2 the probabilities for a left-handed neutrino to remain a left-handed one are plotted versus E/∆m 2 . They have been obtained by numerical integration of the system of evolution equations, describing the transitions between two neutrinos of the ZKM type, e.g. ν eL ↔ν µR . The transition magnetic moment has been assumed to be µ ν = 10 −10 µ B . The magnetic field configuration in each case can be characterized by a pair (φ, λ), wherė φ is the angular velocity and λ is a scaling factor describing the change of the magnetic field profile B ⊥ → λB ⊥ (see fig.3 ). The angular velocity,φ, in each case is constant and the rotation is supposed to take place from the base of the convection zone (r = 0.7 R ⊙ ) to the surface of the Sun (r = R ⊙ ). It is clear already from the behaviour of the suppression factors in fig.2 that P I will change strongly, by a factor of 10 at least, whereas P L and P H will vary only within 10 ÷ 20 %. This is sufficient to reconcile the data from the solar neutrino experiments under discussion.
For each of the suppression curves in fig.2 the relevant predicted event rates in the three types of detectors taking data at present were calculated. Varying ∆m 2 one can choose different suppression factors, P H , P I and P L and correspondingly different relative event rates, R Ar , R νe and R Ge can be obtained. The neutrino fluxes and the relevant cross-sections were taken from ref. [1] . For the Kamiokande-II detector the finite energy resolution and the trigger efficiency have been taken into account as described in [22] .
* It was first pointed out in [21] that the RSFCN in twisting magnetic fields can account for the different variation patterns in the Cl-Ar and Kamiokande-II experiments.
In fig.4 the event rates in the Cl-Ar, νe-scattering and Ga-Ge experiments are plotted versus λ. The parameterφ varies also accordingly but cannot be shown in this twodimensional plot. For ∆m 2 = 1.12 × 10 −8 eV 2 and λ = 0.5, 0.85 and 0.92 the values of R Ar and R νe are close to those in eq. (4) Changing the value of ∆m 2 from one half of to two times the above value destroys this agreement, e.g. for the other two values in fig.4a and fig.4c the mean values of R Ge ≈ 0.31 are one sigma away from the experimentally measured value eq.(2). Note also that the values of R Ge change quite strongly with ∆m 2 . This means that more accurate data from the Ga-Ge experiments can further restrict the scenario under discussion.
The additional freedom of changing the latitudinal distribution of both the magnetic field strength and its twist has to be used to achieve large annual suppressions, R Ar < 0.25, in years of high solar activity notwithstanding the semiannual variations due to the slit near the equatorial plane in the toroidal magnetic field in the Sun (see ref. [19] ).
Conclusions. The proposed scenario requires significant tuning of the magnetic field distribution, its overall strength and its twisting structure, as well as of ∆m 2 . However, it shows that it is still possible to explain both the mean suppression of the signals in all three detectors taking data at present and to reconcile the different variation patterns of the signals in the Cl-Ar and Kamiokande-II detectors. Quite definite predictions for future solar neutrino experiments follow from the above considerations and with more data this solution of the solar neutrino problem will be tested further.
Note Added. In a recent preprint [23] the variation of the signals in the Cl-Ar and in the Kamiokande-II experiments have been studied in the twisting toroidal magnetic fields scenario. More detailed structure of the magnetic field distribution and of its twsiting structure have been utilized however no predictions for Ga-Ge experiments have been obtained and the twenty year mean value of the 37 Ar production rate for the Cl-Ar experiment in this paper seems to be in conflict with the measured one. 
